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MT7.THOD AND APPARATUS FO » PF.DTJnNG POWER T>TSSTPATION IN 
MULTI-CARKIF.R AMPLIFIERS 



FIELD OF THE INVENTION 

The present invention relates to power dissipation in electronic 
devices, and more particularly, to reducing power dissipation in multi-carrier data 
transmission systems. 

R A CKCRQUND AND SIIMMARV ™? THE INVENTION 

The general principle of transmitting data by dividing it into several 
interleaved bit streams, and using these bit streams to modulate several carriers is 
well known, e.g., Discrete Multitone (DMT) and Orthogonal Frequency Division 
Multiplex (OFDM) modulation and demodulation systems. These types of multi- 
carrier modems are being used or considered for use in such applications as cellular 
radio and Digital Subscriber Lines (DSLs) such as High rate Digital Subscriber 
Lines (HDSLs), Asymmetric Digital Subscriber Lines (ADSLs), etc. 

In a Discrete Multitone system, the input bit stream is first serial-to- 
parallel converted. The parallel output is then grouped into N groups of bits 
corresponding to the number of bits per symbol. Portions of bits are allocated to 
each DMT carrier or subchannel. The power transmitted over each subchannel is 
preferably approximately the same. 

Fig. 1 shows an example Discrete Multitone (DMT) communication 
system in which the present invention may be advantageously employed. 
Transmitter 10 includes a serial-to-parallel converter 14, a multicarrier modulator 
16, and a pretransmit processor 18. Receiver 12 includes a post channel processor 
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20, a multicarrier demodulator 22, and a parallel-to-serial converter 24. The 
transmitter and receiver are linked in this example by a digital subscriber line (DSL) 
or other form, of communication channel 26. Serial input data at a rate of btotal^ 
bits per second are grouped by converter 14 into blocks of b to tal bits for each 
multicarrier symbol, with a symbol period of T. The b tota l bits in each multicarrier 
symbol are used to modulate N separate carriers in modulator 16 with bj bits 
modulating the r th carrier. 

A preferred embodiment uses an Inverse Discrete Fourier Transform 
(IDFT) during modulation to generate N s time-domain samples of a transmit signal 
for each block of b tota l bits, where N s is preferably equal to 2N. The corresponding 
multicarrier demodulator performs a Discrete Fourier Transform (DFT), where bi 
bits are recovered from the r* carrier. As depicted in Fig. 2, the carriers or 
subchannels in a DMT system are spaced 1/T Hz apart across N/T Hz of the 
frequency band. More detailed discussion of the principles of multicarrier 
transmission and reception in general is given by J. A. C. Bingham in "Multicarrier 
Modulation for Data Transmission: An Idea Whose Time Has Come", IEEE 
Communications Magazine, Volume 28, Number 5, pp. 5-14, May 1990. 

In some digital subscriber link systems as well as in different radio 
systems where multi-carrier modulation is used, the modulation output is 
approximately a normal distribution. Normal distribution means that the peak-to- 
average ratio of the output is relatively high. Because of this high ratio, the 
transmitting amplifier in a multi-carrier system, (e.g., a line driver in a digital 
subscriber line system, a power amplifier in a radio system, etc.), must have a high 
supply voltage in order to adequately transmit the occasional high signal peaks 
5 without "clipping" or other distortion. 
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Unfortunately, such a high supply voltage results in substantial power 
dissipation in the line driver, power amplifier, etc. In fact, in a typical commercial, 
Asymmetric Digital Subscriber Line (ADSL) system, more than sixty percent of the 
total power is consumed in the line driver. Thus, there is a need to reduce the power 
dissipation in such a line driver as well as in other multi-carrier modulator drivers. 

To illustrate the power dissipation in a line driver, consider the DMT 
Digital Subscriber Line (DSL) example shown in the simplified diagram Fig. 3. A 
modulated multi-carrier signal is converted into analog format in a digital-to-analog 
converter 30 and then supplied to a line driver amplifier circuit 32 which drives the 
"line" 34 via a coupling transformer. A schematic representation of Fig. 3 is shown 
in Fig. 4 with the modulated input signal being represented as U in . The amplified 
output signal U L produced by line driver 32 is supplied to a resistive load (R L ) 38. 
An amplifier voltage supply 34 includes positive and negative voltage 
supply "rails," i.e., the supply rails have the same magnitude but opposite polarity. 

The power dissipated in the line driver 32 (Pj) may be characterized 
in accordance with the following equation: 

P d <Ps™r-U L )*U L /R L +P f (1) 

The parameter Pf is a technology dependent power that can only be reduced with 
new possible improvements in semiconductor technology fabrication/manufacture. 
Therefore, treating Pfas a constant (or at least something that cannot be directly 
controlled), the dissipated power line driver P d may only be reduced by lowering the 
supply voltage ^supply- 

The graph in Fig. 5 shows an example output signal from a DMT or 
OFDM modulation transmitter having a normal distribution. The "tails" of the 
5 normal distribution curve are quite long and correspond to a relatively high peak 
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voltage V htgh . Even .hough most of the ".air indicates a very .ow probabtuty of 
occurrence, in order to accurately generate the infrequent high magnitude voltage, 
without clipping, the line driver reouircs a relatively high supply voltage. 

It would be highly desirable to selectively supply a high magnitude 
voltage V hlih to a multi-carrier, transmit/driving device, like a .ine driver, for high 
magnitude input signals and supply a considerably lower magnitude voltage V lo „ 
when the input signal magnitude is relatively low. If lower supply voltages were 
used most of the time, the overall power dissipation in the driving device would be 
considerably reduced. 

The present invention achieves the desirable result of reduced power 
dissipation. In particular, an amplifier circuit receives an input signal and generates 
an output signal. First and second power supplies provide power at first and second 
levels, respectively, where the second level is greater than the first level. A 
controller causes power to be supplied from the first power supply to the amplifier 
circuit when the magnitude of the input signal is less than or equal to a 
predetermined threshold. When the magnitude of the input signal is greater than the 
threshold, the controller causes power to be supplied from the second power supply 
to the amplifier circuit. 

In preferred example implementations of the invention, the amplifier 
j circuit is a line driver used in a multi-carrier, DSL-typc transmission system. The 
first power level preferably corresponds to a voltage of five volts, and the second 
power level preferably corresponds to a voltage of twelve volts. The controller 
includes a comparator which compares an amplitude of the input signal with the 
threshold and generates the control signal based on the comparison. 
25 In one example embodiment of the present invention, the amplifier 

circuit includes a single amplifier having a power input, A switch is coupled to the 
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first and second power supplies and to the power input of the amplifier circuit. The 
controller generates a control signal that controls the switch to selectively couple 
either of the first and second power supplies to the power input of the ampler. 

In another example embodiment, the amplifier circuit includes first 
and second amplifiers copied to the input signal. The first amplifier is coupled to 
the first power supply and the second amplifier is coupled to the second power 
supply A switch is connected to an output from each of the first and second 
amplifiers. The controller generates a control signal causing the switch to select the 
output from either of the first and second amplifiers. 

Accordingly, the present invention provides a method for reducing the 
power dissipated by an amplifier circuit. In particular, the power supplied to the 
amplifier circuit is changed depending on the level of input signal to that cremt. A 
higher power is supplied to the amplifier circuit when the level of the input signal 
exceeds a threshold. Otherwise, a lower power is supplied to the amplifier arcuu. 
5 Themagnitudeoftheinputsignalisdetectedandcomparedwimthethreshold. A 

control signal is generated based on that comparison to control whether lugher or 
lower power is supplied to the amplifier circuit. 

Dmn yv , nirgrPTPTTON OF THF, DRAWINGS 

The features and advantages of the present invention outlined above 
20 are described more fully below in the detailed description in conjunction with the 
drawings where like reference numerals refer to like elements throughout. 

Fig. 1 is a function block diagram showing an example discrete multi- 
tone (DMT) system in which the present invention may be employed; 
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Fig. 2 is a graph illustrating the principle of a multi-carrier system; 
Fig. 3 is a simplified illustration of a line driver in a digital subscriber 
line environment; 

Fig. 4 is a simplified diagram of an amplifier circuit that may be 
5 employed as a line driver, a power amplifier, etc.; 

Fig. 5 is a graph showing a normal distribution of multi-carrier 
modulator output signals; 

Fig. 6 is a graph plotting a lower supply voltage (in volts) against 
power dissipation (in %) assuming a fixed high supply voltage in accordance with 
io the present invention; 

Fig. 7 is a diagram showing a first example embodiment of the present 

invention; 

Fig. 8 is a diagram showing a second example embodiment of the 
present invention; 

15 pig. 9 shows a digital implementation of a switch control signal that 

may be employed in the present invention; 

Fig. 10 shows an analog implementation for generating a switch 
control signal for use in the present invention; and 

Fig. 1 1 is a graph showing the amplifier circuit supply voltage plotted 
20 with the output voltage of the amplifier circuit in accordance with the present 
invention. 
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PETML^ ™sraPTTON of THE JNVENTIQN 

.In the following description, for purposes of explanation and not 
limitation, specific details are set forth such as particular embodiments, circuits, 
circuit components, etc. in order to provide a thorough understanding of the present 
invention. However, it will be apparent to one skilled in the art that the present 
invention may be practiced in other embodiments that depart from these specific 
details In other instances, detailed descriptions of well-known methods, dev 1C es, 
and circuits are omitted so as not to obscure the description of the present invenuon 
with unnecessary detail. 

For purposes of the present invention, the term "amplifier circuit" is 
defined to refer to any type of electronic device used to generate an output signal at 
a power level sufficient for transmission over a transmission medium. Such an 
amplifier circuit may include a line driver for use in a digital subscriber line 
environment, a radio frequency power amplifier for use in a radio environment, as 
well as other types of signal drivers. In order to simplify the detailed description of 
the invention, however, reference is often made to the non-limiting example of a line 
driver with the understanding that the invention may be readily applied to any type 
of amplifier circuit. 

As described earlier, the present invention includes an amplifier 
circuit, a first power supply capable of generating power at a first level, a second 
power supply capable of generating power at a second level greater than the first 
level, and a controller causing power to be supplied (1) from the first power supply 
to the amplifier circuit when a magnitude of the input signal is less than or equal to 
the threshold and (2) from the second power supply to the amplifier circuit when a 
magnitude of the input signal is greater than the threshold. 
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Alumina wo different power supplies are used in an example 
implementation, suitable values need to be determined for the firs, and second 
power levels. U would be preferable to use, if possible, power supplies commonly 
manufactured and/or employed in the electronics, computer, and communications 
industries. One such power supply level is a 12 volt power supply. Accordmgly, 
me twelve vo,t supply may be used as the second, relatively high but infrequent* 
employed power supply leve!. Using equation (1) set forth above, Fig. 6 plots the 
reduction of power dissipation in a ,ine driver circuit for the normal output signal 
distention shown in Fig. 5 as a function of X assuming a high supply vo.tage of 
. volts The gr.pl. shows that if the power supply value is the same voltage as the 
high value, i.e., 12 vote, there is no reduction in power dissipation. As the lower 
power supply voltage level deceases from 12 volts, the line driver power diss.pat.on 
decreases. As can be seen in Fig. 6, the lowest power dissipation is ach.eved a. 
approximately 4.5 volts. A v«y common power supply voltage close to 4.5 volts 
15 is 5 volts. 

Thus in a preferred example embodiment, the first, frequently used 
power supply generates power at a 5 volt level, and the second, infrequently used 
power supply generates power at 12 volts. In the example shown in Figs. 5 and 6, 
this particular selection of off-the-shelf power supplies employed in one preferred, 
20 example configuration of the invention permits reduction of line driver power 
dissipation by 80 percent. 

A first exemple embodiment for implementing the present invention is 
shown in Fig. 7. An input voltage is provided to an amplifier circuit which includes 
first and second amplifiers 40 and 42, respectively. First amplifier 40 is supplied by 
25 a relatively high magnitude power supply 44 having both positive and negatrve 
polarity supply rails. Tne second amplifier 42 is connected to a relatively low 
magnitude power supply 46 having positive and negative supply rails. The use of 
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positive and negative supp,y rails is common in electronic circuit. However, the 
nre <en. invention is not Voted to any particular power supply configurafon and 
could for example be appiied to a single power supply that produces voltage a. 
plural levels or power supplies that produce voltage a. a single polanty. 

The outputs of the amplifiers 40 and 42 are coupled through an analog 
swte h 48 to a load 49 represented for example as a resistive load R L . ^ switch 48 
is preferably a low resistance analog switch. In operation, a switch control signal rs 
provided to selectively actuate the analog switch 48 to couple the output of the first 
amplifier 40 to the load 49 when the magnitude of the input signal U in exceeds a 
threshold, and to couple the output of the second amplifier 42 having the lower 
supply voltage 46 to the load 49 when the input signal U in is less man or equal to 
the threshold. 

An alternative example embodiment for implementing the present 
invention is shown in Fig. 8. In this example embodiment, a single amplifier 50 is 
shownswitchably— ^ 

supply 46. Again, in this example, each power supply includes positive and 

.. . T/ «. i/- an< \ v* V Two switches 52 and 54 
negative polarity voltage rails, i.e., K Wsfl ,K„ ig)1 , ana r 

selectively couple power to the amplifier 50 from one of the power supplies 44 
and 46 Preferably, the amplifier 50 has a high supply voltage rejection ratto so that 
„ the voltage output U L is unaffected by the operation of the switches 52 and 54. 

In operation, a switch control signal actuates the switches 52 and 54 to 
select the positive and negative high voltage snpply rails V U and Vi. when the 
input signal (/,„ exceeds a threshold. When me voltage input is less man or equa! to 
the threshold, the switch control signal actuates switches 52 and 54 to connect the 
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oual supply amp.if.er 50 to the positive and negative low voitage supply rails r m 

and . 

Figs. 9 and 10 show example configurations for generating the switch 
control signal for the dua! power supply amplify shown in Fig. 8. In Fig. 9 a 
digital signal input to the digital-to-analog converter 56 is also supplied ,0 a dtgtta. 
comparator 58. The digital comparator 58 compares the input digita, value to a 
digital threshoid. Based on the comparison, the digital comparator generates the 
switch control signal fed to the dual power suppiy amplifier. Alternatively ,n 
Fig ,0 the analog input U in is fed to an analog comparator 60 for compare to an 

dual power supply amplifier. Although discrete comparators are shown, me 

mresho.d comparison operation may aiso be performed using a software or other 

electronic implementation, 

Fig U graphically illustrates the operation ofthe present invention. 

The solid line represents the output voltage, and the dashed line represents the power 
supply voltage. Exampfc instances are shown where the input signal is sufferer, ly 
iarge to exceed the threshold so that the higher sup pl y voltage, in this example 1 
volts, is momentarily substituted for the normally use4 lower supply voltage 
of 5 volts. 

Thus the present invention effectively and efficiently reduces the 
power dissipated in an amplifier driver circuit by changing the power supply ,0 the 
amplifier circuit depending on the level of an input signa!. The higher power „ 
supplied to the amplifier circuit (which may include one or more amplifiers) when 
me level of the input signal exceeds a threshold. Omerwise, a .ower power ,s 
25 suppfied. In some systems such as multi-carrier modulation-based systems, thts 
savings in power dissipation can be considerable. 
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While the invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 
understood that the invention is not to belimited to thedisclosed embodiment, but 

on the contrary, is intended to cover various modifications and eqmvalent 
arrangements included within the spirit and scope of the appended cla,ms. 
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signal; 



Apparatus comprising: 

- an amplifier circuit receiving an input signal and generating an output 

a first power supply capable of generating power at a first level; 
a second power supply capable of generating power at a second level 

greater than the first level; and 

a controller causing power to be supplied from the first power supply 
-to the amplifier circuit when a magnitude of the input signal is less than a threshold 
10 and from the second power supply to the amplifier circuit when a magmtude of the 
input signal is greater than or equal to the threshold. 

2. The apparatus in claim 1, wherein the amplifier circuit includes a 
single amplifier having a power input, the apparatus further comprising: 

a switch coupled to the first and second power supplies and to the power 

1 5 input of the amplifier circuit, 

the controller generating a control signal controlling the switch to selectrve.y 
couple either of the first and second power supplies to the power input of the 
amplifier. 

3 The apparatus in claim 1, wherein the amplifier circuit includes first 
20 and second amplifiers each coupled to the input signal, the first amplifier coupled to 
the first power supply and the second amplifier coupled to the second power supply, 
the apparatus further comprising: 

a switch coupled to an output from each of the first and second amplifiers, 
the controller generating a control signal controlling the switch to select the 
25 output from either of the first and second amplifiers. 
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4. The apparatus in claim 1, wherein the amplifier circuit is a line driver 
used in a multi-carrier transmission system. 

5 - The apparatus in claim 1, wherein the first level corresponds to a 
voltage of five volts and the second level corresponds to a voltage of twelve volts. 

6. The apparatus in claim 1, wherein the first power supply supplies to 
the amplifier circuit a first voltage magnitude at positive and negative polarities and 
the second power supply supplies the amplifier a second voltage magnitude at 
positive and negative polarities. 

7. The apparatus in claim 1, wherein the controller includes a comparator 
which compares an amplitude of the input signal with the threshold and generates 
the control signal based on the comparison. 

8. The apparatus in claim 7, wherein the input signal is in a digital format 
and the comparator is a digital comparator. 

9. The apparatus in claim 7, wherein the input signal is in an analog 
format and the comparator is an analog comparator. 

10. Apparatus comprising: 

a first amplifier receiving an input signal and generating a first output signal; 
a second amplifier receiving the input signal and generating a second output 

signal; 

a first power supply supplying power at a first level to the first amplifier; 
a second power supply supplying power at a second level greater than the 

first level to the second amplifier; 

a switch coupled to the outputs of the first and second amplifiers; and 
a controller generates a control signal controlling the switch to select the first 
25 output when a magnitude of the input signal is less than a threshold and to select the 
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second output when .he magnitude of the input signal is greater than or equal to the 

threshold. 

! i . The apparatus in claim 10, therein the first and second amplifiers are 
line drivers selectively used in a multi-carrier transmission system. 

12. The apparatus in claim 10, wherein the first level corresponds to a 
voltage of five volts and the second level corresponds to a voltage of twelve volts. 

13 The apparatus in claim 10, wherein the first power supply supplies to 
the first amplifier a first voltage magnitude at positive and negative polarities and 
the second power supply supplies the amplifier a second voltage magnitude at 

0 positive and negative polarities. 

14 The apparatus in claim 10, wherein the controller includes a 
comparator which compares an amplitude of the input signal with the threshold and 
generates the control signal based on the comparison. 

15. A line driver connected to a transmission line in a multi-carrier data 
15 transmission system, comprising: 

an amplifier circuit receiving an input signal and generating an output signal; 
a first power supply capable of generating power at a first level; 
a second power supply capable of generating power at a second level greater 
than the first level; 

20 a switch coupled to the first and second power supplies and to a power input 

of the amplifier circuit, and 

a controller controlling the switch to couple power from the first power 
supply to the amplifier circuit when a magnitude of the input signal is less than a 
threshold and from the second power supply to the amplifier circuit when a 
25 magnitude of the input signal is greater than or equal to the threshold. 
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16 The line driver in claim 15, wherein .he firs, level corresponds .0 a 
vollage of Ave vol. and ft. second .eve, corresponds .0 a vohage of twelve vol*. 

17 The line driver in claim 15, wherein fee firs, power supply supplies to 
ft. M ampKfier a firs, votege magnUude a. posi.ive and negafive polarines and 
ftc second power supply supplies fte amplifier a second voltage magnitude a, 
positive and negative polarities. 

18 The line driver in claim 15, wherein the controller includes a 
comparator which compares an amplitude of the input signal with the threshold and 
generates the control signal based on the comparison. 

19 A method of changing the power supplied to an amplifier circuit 

a lower power is supplied. 

20. The method in claim 19, further comprising: 
detecting the magnitude of the input signal; 
comparing the detected magnitude with the threshold; and 
generating a control signal based on the comparison. 
21 The method in claim 20, wherein the amplifier circuit contains first 
, tothefirstamplificasecondpowersupplygeneratingpowergreaterthanthefirst 
power supply connected to the second amplifier, and a switch coupled to the output 
of each of the first and second amplifiers, wherein the control signal causes the 
switch to select the output from one of the first and second amplifiers. 

22. The method in claim 20, wherein the amplifier circuit contains one 
25 amplifier with dual power supply controlled by the control signal. 
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23. The method in claim 22, wherein the dual power supply includes a 
first power supply providing power at a first voltage and a second power supply 
providing power at a second voltage greater than the first voltage with the first 
power supply coupled to the one amplifier through a first switch and the second 
power supply coupled to the one amplifier through a second switch, and wherein the 
control signal is used to selectively operate the first and second switches. 
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